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MODELING THE POPULATION DYNAMICS OF GULF COAST SANDHILL CRANES
DOUGLAS H. JOHNSON, Northern Prairie Science Center, U.S. Geological Survey~Biological Resources Division, Jamestown, NO
58401. USA
WILLIAM L. KENDALL,l Office of Migratory Bird Management, U.S. Fish and Wildlife Service, Laurel. MD 20708. USA

Abstract: The Mid-continent Population of sandhill cranes (Grus canndensis) has a large geographic range. contains nearly 500,000
birds, and is hunted in much of its range. The population includes 3 subspecies; the numbers of 2 of these are uncertain, and they
should be afforded protection from hunting that would be detrimental to their population. The 2 subspecies of concern tend to
concentrate in the eastern part of the Great Plains during fall and spring and to winter along the Gulf Coast in Texas. This paper uses
the limited information availahle ahout the Gulf Coast subpopulation in a model. We included in the model 5 input parameters:

population size, annual survival rate in absence of hunting. the number of birds taken by hunters, the extent of additivity of hunting
mortality, and recruitment rate, measured as the fraction of juveniles in the winter population. Using 3 widely ranging estimates of
each parameter, we examined the general behavior of the simulated population. Realistic population projections occurred with medium
(60,000) or large (166,000) population sizes, low (2.000) or moderate (4,000) harvests, and recruitment rates of 0.07 and 0.11. All
values of survival in the absence of hunting and additivity of hunting yielded some realistic projections. Results of modeling suggest
that the variables warranting closer monitoring are population size and recruitment rate.
PROC. NORTH AM. CRANE WORKSHOP 7: 173-180
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The sandhill crane has one of the most widespread
breeding distributions of any crane species; populations range
from Siberia, Alaska, western and southern Canada, much of
the 48 contiguous states, and into Cuba (Johnsgard 1983).
Many populations are disjunct, and ornithologists have
distinguished several subspecies on the basis of geographical
distribution, morphology, plwnage, and behavioral characteristics (Walkinshaw 1973). The Cuban (G. c. nesiotes),
Florida (G. c. pratensis) , and Mississippi (G. c. pulla)
subspecies are nonmigratory, have relatively few members,
and are not legally hunted. The other 3 subspecies, greater
(G. c. tabida), Canadian (G. c. rowan!), and lesser (G. c.
canadensis), are migratory and do encounter legal sport and.
in some areas, subsistence hunting (Tacha et al. 1994).
Greaters comprise 5 identified populations (Drewien and
Lewis 1987, Drewien et al. 1995): the Eastern, which is
increasing in number and is not hunted; 3 Western populations, which vary in number from 2,000 to about 20,000 and
1 of which is hunted; and the Texas Coastal or Prairie
population, part of the Mid-continent group, which is of
uncertain size and is hunted. Texas Coastal or Prairie
greaters migrate along similar paths and have overlapping
winter ranges with Canadians and lessers. The entirety of the
Mid-continent Population-about 500,000 birds (Sharp and
Vogel 1992. Sharp 1995)-is surveyed each spring in Nebraska (Ferguson et al. 1979, Benrting and Johnson 1987),

but the racial composition is not known. For purposes here,
the Mid-continent Population has been divided into 2 geographical subpopulations. the Western and the Gulf Coast
(Tacha et al. 1984, 1986).
Hunting of sandhill cranes was terminated by the Migratory Bird Treaty, ratified in 1916. Legal hunting resumed in
the 1960's, and the species has become an important game
bird, especially in North Dakota and Texas (Lewis 1977).
About 6,600 hunters in the continental U.S. spend 18,000
days each year in pursuit of cranes and harvest about 15.500
cranes armually. Sport or subsistence hunting also takes place
in Alaska, Canada, and Mexico. These large birds are of
special interest to non-hunters also. Outside the breeding
season, sandhill cranes concentrate in large flocks, which
often atrract large numbers of serious and casual birdwatchers
(Lingle 1992).
The advent of legal hunting aroused concerns; Sherwood
(1971) and Miller (1974) made dire forecasts about the plight
of sandhill crane populations under harvest. Unlike most
hunted birds, cranes have a long lifespan and correspondingly
low reproductive potential, and their populations carmot
rebound quickly from any major decline. Concerns about the
effects of hunting led federal and state agencies to active
research and mortitoring in the 1970' s and to a model of
sandhill crane population dynamics that incorporated informalion then available (Johnson 1979). Later, the Central
Flyway Waterfowl Council (1981) adopted a management
plan for the Mid-continent Population of cranes (an 3
subspecies combined).
The plan, as well as the model of Johnson (1979), treated
the Mid-continent Population as if it were homogeneous. It
has been long recognized that the hunted population consists
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monitoring of the system; and (3) identifying gaps in our
understanding of the system, which can be valuable for
guiding research. For the system we are examining, the
population dynamics of Gulf Coast sandhill cranes, we are
beginning to identify gaps in understanding. Modeling may
also be useful for shaping a more effective monitoring
program.
We appreciate comments on this manuscript by 1. E.
Austin, R. C. Drewien, R. R. George, F. S. Guthery, S. C.
Kohn, M. E. O'Meilia, 1. A. Roberson, D. W. Stahlecker,
and G. W. Smith.
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Fig. 1. Survival rate of adult sandhill cranes (SAl as a function of
the kill rate (k) for 3 levels of additivity of hunting mortality (lJ).

of all 3 migratory subspecies (Johnson and Stewart 1973).
Althougb the lessers are relatively plentiful, the status of the
Canadians is uncertain, and the greaters were sufficiently
uncommon to be listed as a rare subspecies as recently as
1968 (Committee on Rare and Endangered Wildlife Species
1968). An objective of regulation-setting was to concentrate
the harvest primarily on the most abundant subspecies, the
lesser.
Within the Mid-continent, greater and Canadian sandhill
cranes tend to be distributed farther east than most lessers.
This feature has been identified among fall migrants in the
northern Great Plains (Johnson and Stewart 1973), wintering
cranes in Texas (Guthery and Lewis 1979), and spring
migrants in Nebraska (Lewis 1979). Cranes that migrate
along the eastern part of the Great Plains and winter along
the Gulf Coast of Texas probably include most greater and
Canadian cranes in the Mid-continent Population (Guthery
and Lewis 1979, Melvin and Temple 1980, Gaines and
Warren 1984, Tacha et al. 1984). Accordingly, proper
management of that subpopulation would ensure adequate
protection of the 2 less-common subspecies (Ad Hoc Midcontinent Sandhill Crane Subcommittee 1994). The objective
of work presented in this paper was to model the population
dynamics of the Gulf Coast subpopulation of sandhill cranes
to gain a better understanding of the population and to
identify needs for further research and monitoring.
Some key parameters in the model are estimated poorly
if at all. In addition, the model ignores the age structure of
the population. Therefore, the model should be used only as
a rough approximation to reality. Modeling has several
related purposes, including (1) making predictions based on
an understanding of the system, which can usefully guide
management of the system; (2) identifying important variables in the system, which can be helpful for directing

THE MODEL
The model incorporates the following 5 components for
which estimates of parameters must be provided:
SPRING: the population size at the start of a year,
So: annual survival rate in absence of hunting,
KILL: the number of birds taken by hunters,
p: extent of additivity of hunting mortality, and
r: the recruitment rate, measured as the fraction of
juvenile cranes in the winter population.
The following 4 components are determined internally within
the model, according to the prescribed equations:
RATIO: the ratio of juveniles to adults in the winter
population; RATIO = rl(l - r).
FALL: the population size in fall, determined as
FALL = SPRING(VSo(1 + RATIO», under the
assumption that mortality for the half-year from
spring to fall occurs at the same rate as during the
other half-year, and that RATIO recruits are added
to the population for each adult.
k: the fraction of birds in the fall population that are
killed by hunters, determined as
k = KILL/FALL.
SA: the survival rate of adults, determined as
SA = S,(l-Pk) + (P-1) X [k-(1-So)] xI[k> (I-So)],
where I(Z) is an indicator function:
I(Z) = 1 if Z is true, I(Z) = 0 if Z is false.
The last equation follows from a survival model (Burnham et
al. 1984) that allows hunting mortality to be completely
additive to natural mortality (if P = 1), completely compensated for by natural mortality (if P = 0), or partially compensated for (if 0 < P < 1). Compensation, either complete
or partial, can apply only to mortality that would have
occurred in the absence of hunting (i.e., for k < I-So),
Figure 1 illustrates this survival model for 3 values of p.
We executed the model under a variety of situations
representing various combinations of parameter values.
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Table 1. Estimates of the size of the Gulf Coast subpopulation of sandhill cranes.

Estimate

13,528
7,000-12,550
23,000
21,960
25,000
50,000-70,000
60,000
166,000
- 30,000

Source

Comment

Guthery (1972)
Guthery (1972)
Lewis et al. (1977)
Guthery and Lewis (1979)
Guthery and Lewis (1979)

For 1970-71
For 1971-72

R. R. George, pers. commun.
R. R. George, pers. commun.

Cited by Tacha et al. (1984)
Cited by Iverson et al. (1985)
Cited by Tacha et al. (1994); SE

Muehl (1994)
Tacha et al. (1994)

"Conservative estimate"
As cited by Iverson et a1. (1985)

~

81,000

"Stable" long-tenn trend

Because some parameters are so poorly known, we used
values reflecting the extreme estimates. This effort does not
provide model predictions sufficiently accurate to use for
management (purpose I listed above). It should, however,
indicate whether a particular parameter is strongly influential
in the model and therefore merits additional attention (purposes 2 and 3 above). We allowed the model to simulate a
25-year period and looked at its general behavior; i.e., did
the simulated population become extinct, grow explosively,
or remain within realistic bounds? From those results, we
identified combinations of parameter values that generated
realistic population scenarios.

7,000-12,550 birds (Guthery 1972) to 166,000 birds (Muehl
1994). For the model, we used 2 extreme values, 22,000 and
166,000, and 1 intermediate value, 60,000.

DATA

Number of Birds Taken by Hunters (KILL)

Spring Population Size

Sandhill cranes are legal game in much of western North
America. Cranes in the Mid-continent Population are
harvested in Alaska, Saskatchewan, Manitoba, North Dakota,
South Dakota, Kansas, New Mexico, Oklahoma, Texas, and
Mexico, but most harvest occurs in North Dakota and Texas
(Sharp and Vogel 1992, Sharp 1995). The legal sport harvest
of sandhill cranes in the United States portion of the Midcontinent is the best known variable used in the model,
because a federal permit has been required to hunt cranes in
the Central Flyway (Sharp and Vogel 1992). Permit-holders
form a sampling universe from which 30-100% of them have

The Mid-continent Population of sandhill cranes is
systematically surveyed each spring in Nebraska (Benning
and Johnson 1987), but members of the Gulf Coast subpopulation mingle with the other (Western) subpopulation and
cannot be separately counted. Therefore, we used estimates
for the wintering Gulf Coast subpopulation, after harvest
(Table I). Most estimates, unfortunately, are subjective.
Some natural mortality occurs between late winter and
spring, but we assume it is negligible. Estimates of the size
of the Gulf Coast subpopulation have varied widely, from

Annual Survival in the Absence of Hunting (So)

There have been no banding programs or other marking
studies that provided useful estimates of the survival rate of
cranes in this subpopulation. We had no choice but to use
estimates obtained indirectly or from other populations (Table
2). We executed the model with values reflecting the range
of most estimates; So ~ 0.88, 0.92, 0.96.

been randomly selected each year to receive questionnaires

Table 2. Estimates of annual survival rate of sandhill cranes in the absence of hunting.

Estimate

Source

0.93-0.96
0.82-0.94
0.88
-0.95
0.91-0.95

J ahnson (1979)

Bennett and Bennett (1990)
Tacha et al. (1994)
Tacha et al. (1994)
Drewien ot al. (1995)

Comment
Indirect, from model
Florida sandhill cranes
Eastern and Florida greaters
Not evident from cited source
Indirect, Rocky Mountain greaters
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Table 3. Percentages of juvenile sandhill cranes in fall or winter Gulf Coast populations.

Estimate (%)
- 14.5
10.8.17.1
21
- 20
18
18.2

Comment

Source

Guthery (1972)
Tacha and Vohs (1984)
Tacha and Vohs (1984)
Tacha and Vohs (1984)
Tacha et al. (1994:88)
Tacha et al. (1986:81)

"Randomly" collected cranes in Texas

Oklahoma
Eastern North Dakota

Eastern North Dakota, western Oklahoma; cited in Tacha et a1. (1984: 1032)
Gulf Coast; not evident how arrived at from sources cited
Eastern Texas, but only 11.7% in bag

about their crane-hunting activity and success. Summaries of
hunter kill (harvest plus unretrieved birds) are published
annually by the U.S. Fish and Wildlife Service (e.g.,
Sorenson and Reeves 1976, Martin 1995).
For this analysis, we needed estimates for the Gulf Coast
subpopulation. For Texas, we included the total kill in the 29
coastal counties dermed by Guthery and Lewis (1979). The
average for the 1989-90 through 1994-95 hunting seasons
was 1,797. It is not known which counties in North Dakota
contribute to the Gulf Coast subpopulation, but presumably
they are mostly eastern counties. The 5-year (1990-94)
average kill in eastern counties (Rolette, Pierce, Wells,
Stutsman and counties eastward) was 1,727. The average for
the next westward tier of counties (bere termed central North
Dakota) was 2,590. Kansas instituted a hunting season in
1993; most harvest occurs in the central part of the state.
Most of the cranes that have been checked were Canadian or
greater subspecies, and likely affiliated with the Gulf Coast
subpopulation. Estimated harvest in Kansas was 655 in 1993
and 821 in 1994 (i = 738). Substantial numbers of cranes
are harvested in Oklahoma, but most are in western counties
and probably not associated with the Gulf Coast subpopulation.
For the model runs, we used KILL values of 2,000,
4,000, and 7,000. The lowest value corresponds roughly to
the harvest only in coastal Texas. The high value incorporates also all the harvest in eastern and central North Dakota
and a harvest in Kansas equalling the average during
1993-94.
Additivity of Hunting Mortality (13)

The extent to which changes in natural mortality compensate for hunting mortality is very difficult to estimate, even
for well-studied and heavily hunted species such as the
mallard (Anas p/atyrhynchos) (Burnham et al. 1984, Smith
and Reynolds 1992). For the sandhill crane, we can only
speculate about 13. Because the species is highly territorial on
its breeding grounds, it seems plausible that mortality there
might be density-dependent, but the extent of breeding-

ground mortality is not known. For purposes of modeling, we
used the extreme values of 13 as well as an intermediate
value: 13 = 0, 0.5, I.
Recruitment Rate (r)

This parameter ideally should be measured before
hunting commences, because young birds are more susceptible to hunting (Johnson 1979, Tacha and Vohs 1984);
disproportionate harvest of juveniles would reduce their
percentage in the population. We had several estimates
available (Table 3), but some of them simply repeated or
summarized earlier ones. Guthery (1972) reported a value of
14.s %, based on cranes assumed to have been collected
randomly; if juvenile cranes were more vulnerable, this
estimate would be biased high. The high values (18-21 %)
reported by Tacha and coworkers have been questioned
because they exceed values recorded from a variety of studies
of sandhill cranes, many of them conducted for several years
(Drewien et al. 1995). Relevant values range from 2.4 to
14.3% (Table 4). Tacha's values are in fact greater than
those reported for any other species of crane (Johnsgard
1983:38). For our modeling effort, we used recruitment rates
of 7%, 11 %, and 20%, again representing the range of
Table 4. Percentages of juveniles in sandhill crane populations
other than Gulf Coast populations (Drewien et al. 1995).

Estimate (%)

9.2-14.3
6.5-13.4
3.1- 8.1
4.5- 6.3
3.8- 9.0
4.8-11.3
9.7-11.2
5.0-11.2
2.4

Population
Eastern greaters
Rocky Mountain greaters
Lower Colorado River Valley greaters
Central Valley greaters
Pacific Coast lessers
Mid-continent lessers and Canadians
Western subpopulation, Mid-continent lessers
and Canadians
Florida sandhill cranes
Mississippi sandhill cranes
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Table 5. Results of 25-year simulations of sandhill crane
populations for various values of input parameters .

"

..

Frequency of populations that

o
g"

Parameter

Value

SPRING

22,000
60,000
166,000

"

1
13
23

18
34
43

16

41
32
22

I

r

0.07
0.11
0.20

60
38
13

So

0.88
0.92
0.96

51
34
26

17
20
0
9

2,000
4,000
7,000

~

0
0.5

~+------.-------.------.------.,-----~.
10

15

20

25

YEAR
Fig. 2. Example of simulated sandhill crane population projection.
based on input parameter values: SPRING = 60,000, r = 0.11,
~

0.92.

~ ~

0.5. and KILL

~

4.000.

available estimates.
RESULTS

We executed the model with 3' = 243 combinations of
parameter values, and for 25 years under each combination.
An example of such a simulation is shown in Fig. 2, which
is based on the medial values of each input parameter:
SPRING = 60,000, r = 0.11, So = 0.92, P = 0.5, and
KILL = 4,000. From its initial size of 60,000, the population
increased to 63,987 after 25 years. The projection was very
smooth, because the model included no stochastic variation.
The approximate stability of the simulated population
provided encouraging support for those parameter values.
We considered as potentially realistic those combinations
of parameter values for which the simulated population did
not decline by more than one-half, or more than double in
size, during the 25 years. Only 37 of the 243 combinations
met that criterion (Appendix A). Most of these involved the
larger 2 SPRING population sizes (60,000 and 166,(00);
most populations starting at n,ooo collapsed (Table 5). The
highest level of harvest (KILL = 7,(00) resulted in relatively
few realistic scenarios; most of them led to extinction.
Conversely, realistic simulated populations were generated
almost equally often for the 3 levels of additivity of hunting
mortality. Recruitment levels of r = 0.07 and r = 0.11
commonly produced realistic results; the high value,
r = 0.20, never did, but usually led to an exploding population. The intermediate value of survival in the absence of
hunting (So = 0.92) yielded reasonable projections more
frequently than did either extreme value.

Collapsed Remained stable Exploded
62
34
15
24
36
51
27
39
45

KILL

So

177

13

8
14
12
11

17

11

40
30
25
4
23
68
21
30
44

If a more stringent criterion were adopted-that the final
simulated population after 25 years remain within 20 % of the
initial value-only 3 combinations of parameter values would
meet it. All of these involved the intermediate initial population size, SPRING = 60,000, and relatively low harvest

rates.
DISCUSSION

The Gulf Coast subpopulation is too poorly understood at
this time to model accurately. Modeling does, however,
allow us to put together the best available information.
Although the product will not be immediately suitable for
fine-tuning management, we hope it can contribute to
decisions about further srudies and monitoring plans.
In that regard, we evaluated how frequently changes in
the values of 5 input parameters caused qualitative changes
in the behavior of the modeled population. We recognize that
the influence of an input variable as measured here reflects
not only its mathematical importance in the model, but also
the range of values we used as input. Changes in additivity of
hunting mortality (P) produced smaller output changes than
any other input variable (Table 5). This finding is fortunate,
as P is the most difficult parameter to estimate. Annual
survival rate in the absence of hunting (So) also was not
strongly influential and, again, its value is not well known.
The number of cranes harvested (KILL) was the next least
influential parameter in the model. Harvest by county is
estimated each year, so if the afftliation of each county to the
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Gulf Coast subpopulation were better understood, the harvest
affecting that subpopu1ation would be known. The 2 most
influential variables were population size (SPRING) and
recruitment rate (r). We used very disparate values of
SPRING in the model, reflecting divergent estimates that
have been made. Forttmately, a systematic survey of the
wintering population was recently concluded; a preliminary
analysis of results suggests that the population in 1995-96
contained about 50,000 cranes (F. S. Guthery, Texas A&M
University, Kingsville, pers. commun.; J. A. Roberson,
Texas Parks and Wildlife Department, Austin, pers.
commun.). Input values of recruitment rate also represented
extreme variation, notably the high value of r = 0.20. That
value led to no realistic population projections (Table 5), so
it seems incompatible with the other estimated parameters
and is weB outside the range of values estimated for other
populations (Table 4).
Research and monitoring are unlikely to provide accurate
estimates of ~ or So in the near future. Crane harvest, by
county, is well estimated, but the association of each county
with the Gulf Coast subpopulation has not been established,
except, of course, for the Texas wintering area. Forttmately,
measurements of hunter-shot cranes in North Dakota and
Kansas are regularly taken; this information warrants further
analysis to identify the geographical distribution of harvest by
subspecies, although it is not known how weB the measured
sample of cranes reflects the actual harvest. A project to
refine the subspecies classification procedure is also being
planned.
The population size, a criticaBy important parameter in
our modeling, lends itself to improved estimation. The
recently completed survey (F. S. Guthery, pers. commun.;
J. A. Roberson, pers. commun.) may offer a more accurate
estimate than is currently available. That improved accuracy
will reduce some of the uncertainty in the modeling results.
Recent estimates from adjacent Tamaulipas, Mexico, suggest
that a minimum of about 2,500 Gulf Coast cranes winter in
the area (Drewien et aJ. 1996).
Likewise, the other highly influential parameter, recruitment rate, can be estimated with greater accuracy by intensive monitoring. Care needs to be taken because of potential
biases in sampling procedures and field determination of age
(Drewien et aJ. 1995). Also, recruitment rate can vary
dramatically from year to year, so it should be monitored for
a number of years.
The model presented here helps to identify some important features of population dynamics, but is too crude for
management purposes. It ignores important features such as
age-dependent reproduction and differential vulnerability to
harvest. Therefore, population surveys and age composition
assessments should be conducted on an annual, or at least
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periodic, basis. In addition, uncertainty about how harvest is
allocated between the Gulf Coast and Western subpopulations
should be reduced. This kind of information could contribute
to the development of better predictive models.
Assessment of the status of the greater sandhill crane, as
a subspecies, is more difficult. Field assessments of the
subspecies composition of the harvest (KendaB et a!. 1997)
can be used to estimate the kill of each subspecies. Population counts of greaters can be accomplished only on their
breeding grounds. Absent that information, the subspecies
composition of the harvest from the wintering grounds could
be used in conjunction with the aerial count to approximate
their numbers if we can assume that the distributions of
harvest pressure and crane abundance across the wintering
area are equivalent, and that, in any given location, the
relative vulnerability is the same for all subspecies.
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Appendix A. Combinations of parameter values for which the
simulated sandhill crane population neither declined by more than
one-half nor more than doubled during 25 years.

Population size
Initial

Final

KILL

r

So

~

22,000
60,000
60,000
60,000
60,000
60,000
60,000
60,000
60,000
60,000
60,000
60,000
60,000
60,000
166,000
166,000
166,000
166,000
166,000
166,000
166,000
166,000
166,000
166,000
166,000
166,000
166,000
166,000
166,000
166,000
166,000
166,000
166,000
166,000
166,000
166,000
166,000

16,585
45.790
95,895
59,094'
45,234
100,711
63,987'
45,240
89,593
45,234
63,987'
117,340
76,591
98,246
126,686
105,561
84,435
330,325
293,524
125,148
104,602
84,056
306,789
126,686
84,435
293,524
219,923
125,148
84,056
306,789
233,341
126,686
238,318
109,520
125,148
251,703
123,170

2,000
2.000
2,000
2,000
2,000
2,000
2,000
4,000
4,000
4,000
4,000
4,000
7,000
7,000
2,000
2,000
2,000
2,000
2,000
2,000
2,000
2,000
2,000
4,000
4,000
4,000
4,000
4,000
4,000
4,000
4,000
7,000
7,000
7,000
7,000
7,000
7,000

0.11
0.07

0.88
0.92
0.96
0.96
0.88
0.92
0.92
0.92
0.96
0.88
0.92
0.96
0.92
0.96
0.92
0.92
0.92
0.96
0.96
0.88
0.88
0.88
0.92
0.92
0.92
0.96
0.96
0.88
0.88
0.92
0.92
0.92
0.96
0.96
0.88
0.92
0.92

0.0
0.0
0.5
1.0
0.0
0.5
1.0
0.0
0.0
0.0
0.5
1.0
0.0
0.0
0.0
0.5
1.0
0.5
1.0
0.0
0.5
1.0
1.0
0.0
0.5
0.5
1.0
0.0
0.5
0.5
1.0
0.0
0.5
1.0
0.0
0.5
1.0

a

om
om
0.11
0.11
0.11
0.07
0.07
0.11
0.11
0.11
0.11
0.11
0.07
0.07
0,07
0.07
0,07
0.11
0.11
0.11
0.11
0.07
0.07
0.07
0,07
0.11
0.11
0.11
0.11
0.07
0,07
0.07
0.11
0.11
0.11

Final population within 20% of initial population size.
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